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Abstract
Background: This study aimed to determine whether the Neonatal Acute Physiology (SNAP) scoring system (SNAP II) and with perinatal extension (SNAP II PE) can be used to predict neonatal deaths in a resource-limited neonatal intensive care unit in Nepal. 
Methods: A prospective observational study was conducted in a neonatal intensive care unit (NICU) of Kanti Children's Hospital in Kathmandu, Nepal. Data required for the SNAP II and SNAP II PE scores were collected. The relationships between the SNAP II and SNAP II PE scores and neonatal mortality were analyzed.
Results: There were 135 neonates admitted during six months of study period of whom 126 met the inclusion criteria. Of these 126 neonates, 29 (23.0%) died. Mortality was 83% when SNAP II was >40, and 66.7% when SNAP II PE was >50. A SNAP II score of ≥12 had a sensitivity of 75.9%, and specificity of 73.2% for predicting mortality, and a SNAP II PE score of ≥14 had a sensitivity of 82.8% and specificity of 67.0% for it.
Conclusions: SNAP II and SNAP II PE scoring of neonates can be used to predict prognosis of neonates in resource-limited NICUs in Nepal.
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Introduction 
Birth weight and gestational age have traditionally been used as predictors of neonatal mortality. With the increasing sophistication of supportive care available, these two parameters have become insufficient to predict the mortality and morbidity of neonates.1,2 Different approaches have been developed to measure the severity of the illness and predict outcome in Neonatal Intensive Care Units (NICU).3 One approach is based on physiologic parameters, such as temperature, blood pressure, arterial blood gas, and urine output, measured at the time of admission.4 For each parameter, a definite score is allocated after risk adjustment. The Neonatal Therapeutic Intervention Scoring System (NTISS), Clinical Risk Index for Babies (CRIB II) and Scores for Neonatal Acute Physiology (SNAP) are examples of physiological severity scores in neonates.5,6 Among them, a widely used scoring system is the CRIB-II score which has advantage over SNAP II and SNAP II PE score in very low birth weight (VLBW) and preterm neonates. It is less time consuming and easier to perform.7,8 However, SNAP II AND SNAP II PE are more reliable score systems in overall prediction of mortality because they have been validated in a very large group of cohort of neonates as compared to other scoring systems.9,10,11,12 

The SNAP scoring system, developed in 1990, assesses the worst status of a number of physiologic measures in the preceding 24 hours.13-16 It consists of 28 items and a score that ranges from 0-42.17 The long list of physiological variables made this scoring system very time consuming and inconvenient. After several multicenter trials and analyses, a simplified scoring system, the Neonatal Acute Physiology Score II (SNAP II) and with a Perinatal extension (SNAP II PE) were developed and validated in 2001. The scores consist of six (SNAP II) or nine (SNAP II PE) key variables that are measured within 12 hours of NICU admission.17 The scores takes only about 4-5 minutes to complete but give a predicted neonatal outcome, which are similar to the original SNAP score. The scores can be applied to all newborns including low birth weight and extremely low birth weight preterm babies.16,19

Developing countries have high rates of neonatal mortality accounting for an estimated 44% of under-5 deaths.18 Nepal is a developing nation where facilities for neonatal care are scarce. According to UNICEF, in 2013 the neonatal mortality rate in Nepal was 23 per thousand live births and accounted for almost 50% of under-5 mortality. An estimated 31% of the total neonatal mortality is due to prematurity, 23% due to birth asphyxia and trauma, and 18% due to infection.20 There are limited resources and infrastructure to provide optimal care to the neonates. Neonatal intensive care units need advanced equipment and resources to carryout all the tests as mentioned in the different scoring systems. The purpose of this study is to apply scoring systems (SNAP II and SNAP II PE) in the local NICU setting by using derived parameters when necessary, and to examine the performance of the scoring systems for predicting neonatal mortality in a NICU in Nepal. 

Materials and methods
A prospective observational study was carried out in the Neonatal Intensive Care Unit (NICU) of Kanti Children’s Hospital, Kathmandu, Nepal from March 1, 2012 to August 31, 2012. This hospital is the only government-run children hospital that provides limited intensive care facilities. All neonates admitted to the NICU during the study period were approached for enrollment into the study. The parents of each neonate were counseled about the purpose and nature of the study and if they consented for their baby to be included. Those neonates who died within 24 hours of admission and those who were discharged on request or left against medical advice were excluded from the final analysis.

Physiological data for the SNAP II and SNAP II PE score were collected within 12 hours of admission to the NICU. The SNAP II score consists of six physiological parameters: the lowest mean arterial pressure (MAP); the worst ratio of partial pressure of oxygen (PaO2) to fraction of inspired oxygen (FiO2); lowest temperature (in oF); lowest serum pH; occurrence of multiple seizures; and urine output (<1mL/kg/hr).16 Immediately after admitting the child to the NICU the rectal temperature was recorded using a digital thermometer.21 Urine output was measured by weighing the diaper before and after urination. FIO2 for ventilated patients was recorded simultaneously at the time of arterial blood gas (ABG) analysis from the ventilator setting. For non-ventilated patients, an oxygen analyzer was not available, and the FIO2 was derived from the oxygen flow rate and the oxygen delivery device being used.22 Due to difficulty in obtaining arterial blood samples in small neonates, a capillary blood gas sample was obtained in all neonates admitted to the NICU after the child had been kept in a radiant warmer for 1 hour. The PaO2 value from capillary blood gas was used to obtain the PaO2/FiO2 ratio.23 The pH was also obtained from the same capillary sample. The mean blood pressure was measured directly from the Neon Codec monitor using appropriately sized cuff from the right arm of the neonate. The duty nurse was trained to note abnormal movements such as twitching of limbs, lip smacking, non-nutritive sucking and swallowing, cycling movement of limbs for the seizure activity.

The SNAP II PE score included the six physiological variables of the SNAP II score with the addition of points for birth weight, low APGAR score, and small for gestational age to create a nine factor score. For neonates delivered at another hospital, the gestational age was taken from the hospital discharge slip and for those who delivered at home, as most of them had had at least one antenatal visit, the expected date of delivery was known by the hospital. For children delivered in another hospital, the birth weight was noted from the discharge slip of the hospital and for those delivered at home, the parents were asked whether they had taken the weight of the child immediately or some time after birth. If they had weighed the child that weight was recorded; otherwise, the weight used was taken at the time of admission. Small for gestational age neonates were defined as neonates whose weight was below the third percentile for the given gestational age.24 For those babies who were delivered at other hospitals, the Apgar score was recorded from the discharge letter of the previous hospitals. When the delivery had taken place at home, mothers were asked whether their baby cried immediately after birth or not. If the answer was yes then a score of ≥7 was given whereas if it took time then the score was <7 were given. The inpatient progress of the neonates was monitored until hospital discharge and survival or death was recorded.

The Institutional Review Board (IRB) of Kanti Children's Hospital (National Academy of Medical Sciences) gave ethical approval for the study. Informed written consent was taken from the parents or guardians of all babies before enrollment in the study.

Statistical analysis was performed using STATA 14 (StataCorp, USA). Spearman's correlation was used to elucidate the relationship between the outcome with measured parameters. An ROC curve was plotted, and the sensitivity, the specificity and other diagnostic test parameters were calculated using the STATA package sbe36_2 downloaded from http://www.stata-journal.com/software/sj4-4.

Results
A total of 135 neonates were admitted to the NICU of Kanti Children’s Hospital during the six-month study period (Figure 1). There were 126 neonates that fulfilled the inclusion criteria and were enrolled in the study; nine were excluded from the study as they were discharged on request or left against medical advice. The characteristics of the neonates are summarized in Table 1. Among 126 admitted neonates the male to female ratio was 1.9:1 and the median age was six days (IQR: 2-13 days). A total of 101 (80%) of the neonates came from outside of the Kathmandu valley. There were 78 (62%) neonates who stayed for less than ten days in the NICU. The mean gestational age was 37.5 weeks with a minimum of 26.1 weeks and a maximum of 42.1 weeks. There were 31 (25%) preterm babies and one (0.8%) post-term baby. The mean (range) birth weight was 2441 g (660 - 4500). Of the 126 babies, 59 (46.8%) were low birth weight, and only one (0.7%) was a large baby. Twenty-three (18.2%) babies were small for gestational age (SGA), among them, 15 (65.2%) were males and 8 (34.8%) were females. There were 29 in-hospital deaths among the 126 babies giving a mortality of 23.0% (95% confidence interval 16.0-31.4%).

One-third of the babies (33.3%) needed ventilation at the time of admission, among these neonates, only 18 (42.8%) survived. The smaller the gestational age, the greater the need for ventilation (OR 1.13, 95 CI 1.01-1.25; p=0.02). Twenty-three (26.1%) babies developed seizures while in the NICU. Thirty-three babies (26.1%) had Apgar score of  <7 at 5 minutes; 22 of these babies improved and 11 died. There was no significant association of Apgar score at 5 min with the outcome. The median length of NICU stay was eight days (IQR: 8-13 days) with a minimum duration of one day and a maximum duration of 77 days.

The median SNAP II score was 5 (IQR: 5-25) with a minimum SNAP II score of 0, recorded in 20.7% of the neonates, and a maximum score of 50 recorded in one patient. The score was between 0 and 5 in 60.7% of the neonates. Table 3 shows the proportions of neonatal deaths according to the SNAP II score. The SNAP II score was correlated positively with the death of neonates (Spearman's rho 0.48, n=126, p<0.001). 

The median SNAP II PE score was 13 (IQR: 5-37) with a minimum score of 0, recorded in 18.5% of the babies, and a maximum score that was 69 recorded in one newborn. The score was between 0 and 5 in 45.2% of babies. Table 3 shows an increased proportion of deaths in the neonates with a higher score. A moderate positive correlation was found between the SNAP II PE scores and death (Spearman's rho 0.42, n=126, p<0.001). There was a strong correlation between the SNAP II and SNAP II PE scores (Spearman's rho 0.92, n=126, p<0.001). The distributions of SNAP II and SNAP II PE scores in discharged and deceased neonates are shown in Figure 21.

The area under the ROC curves were 0.82 (95% CI: 0.73–0.90, p<0.001) for SNAP II scores [Figure 32a] and 0.78 (95% CI 0.70–0.86, p<0.001) for SNAP II PE [Figure 32b] showing a higher discriminatory ability of SNAP II than SNAPE II PE. A SNAP II score of ≥12 gave a sensitivity of 75.9% and specificity of 73.2% for mortality whereas a SNAP II PE score of ≥14 gave a sensitivity of 82.8% and specificity of 67.0%. The Hosmer-Lemeshow goodness of fit test was used to test the logistic regression model and supported the hypothesis that SNAP II and SNAP II PE were good tools for predicting neonatal deaths in a NICU. The diagnostic test parameters of the scores at different cut-offs are shown in the supplementary table 1, and sensitivity analysis by excluding out-born babies and babies whose FiO2 was derived are shown in the supplementary table 2. The positive predictive values were found to be higher among the later group.

Discussion
This study of neonates admitted to the NICU of Kanti Children's Hospital, Kathmandu, Nepal, found a preponderance of male babies, a high proportion of low birth weight babies, and a high neonatal mortality. This diagnostic accuracye study provides evidence that Neonatal Acute Physiology (SNAP) scoring system (SNAP II and SNAP II PE) can be used to assess severity and predict neonatal mortality (diagnostic accuracies of SNAP II and SNAP II PE) in a resource-limited country such as Nepal. As these scores help to detect severity and risk of dying, they can help doctors, in settings with limited resources, to identify babies with high scores where additional intensive management and preventive measures may improve outcome . As these scores help to detect severity and risk of dying, they can help doctors to provide more aggressive management and take preventive measures to the babies who have higher scores.

There are very few neonatal intensive care units in Nepal. Kanti Children's Hospital is the only government-run children's hospital in Nepal. It has an eight-bedded NICU with all beds always occupied because of the low cost. The male predominance might be due to the fact that the male babies tend to be more preferred than the female babies in this society; data from other South Asian countries also show the similar sex bias.18,21 Due to the scarcity of neonatal intensive care facilities outside Kathmandu, 80% of the admitted babies were from outside Kathmandu valley.

About half of the babies had low birth weight and one-quarter were preterm in this study. Nepal has a very high prevalence of low birth weight babies among South Asian countries, accounting for 30-50% of total deliveries.24,25 In high-income countries, 90% of babies born at 26 weeks survive whereas it is very difficult to save babies born before 28 weeks of gestation in low-income countries.24,26 A WHO estimate of the prevalence of preterm birth in Nepal was 23.1%,27 which was similar to our finding. One-third of the babies admitted to the NICU needed mechanical ventilation during their stay and among these babies 57.2% died. Similar studies conducted in India and Nepal showed high mortality rates of 54.8% and 64.8%, respectively among the mechanically ventilated babies.17,28 These data show that it is very difficult to save neonates who need mechanical ventilation in South Asia.

In this study 76.2% of the admitted babies were delivered at a health facility. To increase the number of deliveries in health facilities, the Government of Nepal launched the Safe Motherhood Programme in 1997. Many of these facilities now have a 24-hour obstetric emergency service. Recently the government has started providing a monetary incentive for mothers who deliver at a hospital. This has increased the number of deliveries in hospitals. Recent data shows that the institutional delivery has increased from 19% in 2008 to 55% in 2014.29

There was no significant correlation between the Apgar score at 5 minutes and neonatal death. This may be because the Apgar score was assigned immediately after birth, but the neonates were admitted to NICU only when they became sick. Most admissions were due to late onset neonatal sepsis, which did not correlate with status at birth. 

The neonatal mortality was 23% in this study. Mortality in NICUs has varied in studies in different parts of the world.30,31 A study in a NICU in Bangalore, India, for example, showed a mortality of 16.6%.30 The mortality in high-income countries is considerably lower because of the advanced technology and meticulous infection control. The rapid decline in neonatal mortality in many countries during the past four decades has been attributed to improvements in neonatal intensive care.32

One of these improvements was the establishment in intensive care units of disease scoring systems to assess disease severity. The first neonatal scoring, called the SNAP score, was later simplified with the SNAP II and SNAP II PE scores. In this study both the SNAP II and SNAP II PE scores correlated with neonatal mortality. The mortality was 9.1% among the neonates with a SNAP II score of <10 but when the score was >40 the mortality was 83%. A SNAP II score of ≥12 predicted mortality with a sensitivity of 75.9% and specificity of 73.2%. Similarly, a high SNAP II PE score was associated with an increased risk of death. When the SNAP II PE score was <10 the mortality was 7% but when the score was >50, it was 67%. A score of ≥ 14 predicted mortality with a sensitivity of 82.8% and specificity of 67.0%. These findings demonstrated that SNAP II and SNAP II PE scoring systems could be used to predict neonatal deaths in Nepalese NICU.

Previous studies have shown that the SNAP PE II score discriminated between neonates that died or survived with ROC areas ranging from 0.84 to 0.92 in various populations.6 This study was conducted in many NICUs involving three neonatal networks over a period of one and half years. Initially, the data-collecting window for the SNAP score was 24 hours. Later the window was reduced to 12 hours. A revalidation study was done for SNAP II and SNAP II PE in Vermont Oxford Network33 that included 58 centers. This study concluded that SNAP II and SNAP II PE were equally efficient for predicting mortality even for very low birth weight infants. The study also included congenital anomalies in SNAP II PE score, which resulted in substantial improvement in discrimination.

Previous studies have shown a range of cut-off scores to predict death. In an Indonesian study the cutoff point for SNAP II PE score was 51.34 Another study in Indonesia studied 80 neonates where the mean SNAP II PE score was 30 and the score for the non-survivors was 42.7. This study also showed that the SNAP II PE gave a better discrimination at an earlier age than later age.35 A study in India used the SNAP II score to predict mortality and persistent organ dysfunction in neonates with the SNAP score determined within 12 hours from the onset of sepsis rather than within 12 hours of NICU admission.36

This study has limitations. The circumstances in a government hospital in Nepal meant that the equipment necessary for the measurement of all data was not always available. For some variables, an approximation had to be made to manage the data as described in the methodology. Since the hospital does not have a maternity unit, all the babies were transferred from outside and the Apgar score and birth weight depended on measurements from the previous institution. The group of babies who were discharged against medical advice or left on requests, some data for out-born babies were recalled by the mothers particularly for the APGAR score, most of the babies were brought from out of the valley (a longer distance) were some of the potential sources of biases in this study.

In conclusion, this study supports the hypothesis that the SNAP II and SNAP II PE scores could be used to estimate the prognosis of neonates in the NICU of low and middle income countries such as Nepal. The study also sheds light on the present situation of neonatal care in government hospitals in Nepal. 
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Figure legends
Figure 1. Flow diagram showing the number of babies admitted to the NICU and their outcomes
Figure 21. Box plots showing the distribution of SNAP II and SNAP II PE scores among discharged and deceased neonates
Figure 32. Receiver Operating Characteristic (ROC) curve of SNAP II and SNAP II PE to predict neonatal mortality in the NICU


